BACKGROUND: Weight gain and its unfavorable consequences on coronary heart disease (CHD) risk have been observed worldwide. Determinants of weight gain were studied in a Polish cohort of 1042 men and women age 35 ± 64 at baseline. Participants were randomly selected from an urban population in Warsaw and a rural population in Tarnobrzeg Province surveyed by investigators in Krakow. The surveys, part of the Pol-MONICA project, were conducted in 1983 ± 1984, 1987 ± 1988, and 1992 ± 1993. The purpose of this report is to gain insight into the dynamics of weight gain in this population that could be helpful in identifying high-risk groups for intervention, and to determine if economic changes that took place shortly after the second survey had any impact on weight gain. METHODS: Weight, height and demographic characteristics were measured at each visit according to Pol-MONICA standard protocol. Body mass index (BMI) was calculated as kgam 2 . Years of schooling, 7-day alcohol history and smoking history were self-reported. RESULTS: Sixty percent of the cohort gained some weight, averaging 0.3 ± 0.7 kgay. Weight gain was highest in younger rural women, in urban men and in rural women with low education. In multiple linear regression, low education was related to a 1.29 kg greater weight gain (P`0.01), ex-smoking status was related to a 2.54 kg greater weight gain (P`0.001), and younger age was related to a 1.14 kg greater weight gain (P`0.001). CONCLUSION: Our results indicate a need to target intervention programs at young low SES adults. Developing effective means of reaching these vulnerable groups is a critical research goal.
Introduction
Overweight is a major public health problem in many countries, 1 contributing to coronary heart disease (CHD), non-insulin dependent diabetes, hypertension and other chronic diseases. 2 ± 4 Weight gain in young adulthood may be associated with increased morbidity and mortality independent of the initial weight. 2 Overweight, once established, is dif®cult to treat, 5 therefore efforts should be directed at prevention. An improved understanding of the dynamics of weight gain and enhanced ability to identify groups at highest risk are important steps in developing effective prevention strategies.
Studies of weight gain in adults have been published for cohorts in the US 6 ± 9 and Western Europe. 10, 11 However, we were unable to ®nd similar data for Eastern Europe where the prevalence of overweight is higher. 12, 13 The Pol-MONICA study provides an opportunity to identify trends in overweight and to evaluate predictors of weight gain in a cohort of Polish adults, aged 35 ± 64 at baseline, who were surveyed for cardiovascular risk factors at three points over a 10 y period in 1983 ± 1984, 1987 ± 1988, and 1992 ± 1993 . During this period, in addition to the aging of the cohort, important economic changes took place in Poland, as they did elsewhere in Eastern Europe. In 1989, shortly after the second survey, the economic system in Poland changed from being centrally planned to a market economy. This`marketization' had a profound impact on food purchases as buying power and purchases of previously subsidized products decreased. 14 The purpose of this report is to explore the dynamics of weight gain against the backdrop of economic change in Poland.
Methods (experimental)
This report is based on data collected by the Pol-MONICA Projects in Warsaw and Krakow, Poland. The methods used and populations studied have been described in detail elsewhere. 15 In brief, ®eld work for the Pol-MONICA Projects began in 1983 with the Warsaw group conducting population-based surveys of CHD risk factors in the Praga North and South urban districts of Warsaw (henceforth called`urban') and the Krakow group surveying Tarnobrzeg Province, a rural population (henceforth called`rural'). The two populations, while not necessarily representative of Poland as a whole, do represent cultural, socioeconomic, and environmental structures that are typical for this country.
Two types of samples of persons were selected from each population. One was a randomly selected sample of men and women aged 35 ± 64 y who were screened at visit 1 in 1983 ± 1984. Additional random samples were selected for screening in subsequent visits in 1987 ± 1988 and 1992 ± 1993. In addition, a cohort consisting of 1350 persons (25%) participating in visit 1 in 1983 ± 1984, was randomly selected for subsequent visits. Of the original cohort, 1042 were rescreened in 1992 ± 1993. This report is based on data from the cohort rescreened in 1992 ± 1993, excluding 25 for whom data were missing for some of the variables included in the analyses.
Data collection procedures for MONICA Projects were standardized through use of detailed protocols and careful training and certi®cation of data collection personnel. Weight was measured to the nearest 0.1 kg on balance beam scales. Participants were weighed without shoes or heavy outer garments. Height was measured in a standing position to the nearest 0.5 cm. Body mass index (BMI) was calculated as wt (kg)aht (m) 2 . Overweight was categorized according to WHO criteria 1 as grade 1, BMI 25 ± 29.99, grade 2, 30 ± 39.99 and grade 3, ! 40. Weight gain was calculated by subtracting weight at screens 1 and 2 from weight at screen 3 to get 5 y and 10 y weight gains.
Age was calculated to the nearest day using the date of birth reported at the time of the visit. Education was coded in response to the question,`Your education level?' into three categories: less than high school (`12 y,`HS), high school graduate ( HS), and greater than high school (bHS). In the rural sample, bHS was combined with HS because only nine men and seven women reported bHS attainment.
Daily alcohol consumption was calculated from the average self-reported alcohol intake over the previous 7 days. Smoking status was obtained by questionnaire.
Statistical methods
Weight change was computed as the difference in weight between the 1992 ± 1993 screen and the 1983 ± 1984 screen (rescreen weight-baseline weight), ie a negative weight change indicates weight loss over the time period. Means, standard deviations and percentages were calculated for selected socio-demographic and behavioral characteristics (Tables 1 and 2 ). Participants were classi®ed as having gained weight if weight change was greater than zero and Tables 3 ± 5 were restricted to those persons. Table 4 , showing the age-adjusted weight gain, was calculated by least squared means from the model which included age, and clinic Â sex Â smoking status (smoking status is ex-smokers vs others where ex-smoker is one who quit smoking between screens). Table 5 uses two linear regression models to show the association between weight gain and other variables. The ®rst model included only education (`HS 1 vs others 0). The second model added alcohol at rescreen, exsmokers, age at baseline, gender and BMI at baseline. All analyses were done using SAS 6.12. 16 
Results
Characteristics of the Pol-MONICA cohort by status of weight gain are shown in Table 1 . Overall 60% of the cohort gained some weight during this period. Education HS and bHS combined for rural group because of small sample size (n 8 men, 7 women).
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Major weight gain (10 kg or more) occurred in 12 ± 22% of the cohort with the highest incidence in rural men (data not shown). Among rural men age was similar in those who gained and those who did not gain weight, but in the other groups those who did not gain weight were slightly older than those who gained weight. The education level of the rural cohort was much lower than the urban cohort, with the overwhelming majority (80%) having`HS, compared to 40% in the urban cohort. Among rural men and women percentages that gained and did not gain were similar by educational group. Fewer urban men with HS and more men with bHS gained weight.
For urban women, fewer with`HS and more with HS gained weight. Slightly fewer urban women with bHS gained weight. A higher percentage of exsmokers gained weight than did not gain weight. Mean reported alcohol consumption was higher in men than in women and higher among those who gained weight except for rural women. Mean baseline BMI was slightly higher in those who did not gain weight (Table 2 ). Mean BMI increased 2 ± 3 kgam 2 among those who gained some weight and 0.6 ± 1.4 kgam 2 for the total cohort, with the highest increase in the rural female sample. Overall, the prevalence of grade 1 overweight decreased between Correlates of weight gain BH Dennis et al lence of grade 2 overweight increased markedly during the same period, especially in rural women.
Since the focus of this report is on weight gain, except as noted, results are presented for the sub-set of the cohort that gained some weight (n 619). Mean weight gain, for those persons whose weight change was b0, by age groups and education is shown in Table 3 . Mean weight gain was highest in the group aged 35 ± 44 except for rural men for whom mean weight gain was highest in the 55 ± 64 age group. Mean weight gain was highest in the lowest educational group.
Smoking was rare among rural women (n 17 in 1983 ± 1984). Five (29%) quit smoking by 1993 ± 1994. Quit rates in the other groups ranged from 17 to 25%. In all groups, ex-smokers had a greater weight gain than others (Table 4) .
Age-adjusted average weight gain, for those who gained weight, for the 5 y period, under conditions of a centrally planned economy, and in the second 5 y period under a market economy was similar in both men and women (data not shown).
Consequences of weight gain are re¯ected in changes in the prevalence of overweight in the entire cohort. Prevalence of WHO Overweight Stage 2 (BMI ! 30) by educational group at baseline and 10 y later is shown in Figure 1 . Prevalence among those with`HS increased in all groups. Prevalence was highest in rural women, reaching 44% in 1992 ± 1993.
Among those who gained weight, low education was associated with weight gain in men and women in bivariate regression analysis (Table 5 ). After controlling for site, alcohol consumption, ex-smoker status, age, sex and baseline BMI, low education, ex-smoker status and younger age were signi®cantly associated with weight gain. Low education was associated with a 1.29 kg increment in weight gain (P`0.01) and a 10 y lower age was associated with a 1.14 kg increment in weight gain (P`0.01). Ex-smokers gained 2.54 kg more than those who did not change their smoking status (P`0.001).
Discussion
This analysis was undertaken in order to gain some insight into the dynamics of weight gain and obesity in a Polish cohort under conditions of economic change. Eastern Europe is underrepresented in published studies of correlates of obesity and weight gain, despite a relatively high prevalence of overweight and unfavourable trends in cardiovascular disease observed in these countries. 17 Poland has experienced a rise in cardiovascular disease in recent decades which has only appeared to decline since 1992. 18 During the 10 y span of the three surveys, overweight prevalence among those who gained weight increased in all groups, with the highest prevalence in women with low education. Increasing prevalence of overweight has been observed worldwide, including countries where CHD is still low or declining. 1,19 ± 21 Long-term implications of these contradictory ®nd-ings are unclear. For example, longitudinal observational analysis of 280,000 men and women in the Pol-MONICA Krakow project did not ®nd a relationship between obesity and CHD morbidity in Polish rural men. 0.07 *P`0.05; **P`0.01; ***P`0.001. Abbreviations: CI, con®dence interval; HS, high school. Note: all models adjusted for site (NS).
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Mean weight gain among those who gained weight was highest in the youngest cohorts of urban men and urban and rural women, especially the latter. These results compare and contrast with other studies in the US and Europe. In a study of US adults, major weight gain (average 14 kg) was highest in men and women age 25 ± 34 y (3.9% in men and 8.4% in women). 23 In a Finnish study, 20 ± 29 y olds had the highest 5 y incidence of weight gain of 5 or more kg and men had a higher frequency than women. 11 A cohort study in the UK also showed onset of obesity to be more frequent in early adult life and more frequent in women than men. 24 We observed a higher mean weight gain among those who gained weight as well as a higher prevalence of overweight in men and women with`HS compared with those with ! HS. This observation is consistent with a large body of evidence linking socioeconomic status (SES) to obesity in developed countries. In this study education was used as a marker for SES. Sobal and Stunkard 25 reviewed the international literature on the relation of SES and obesity. In Europe and Israel, of 24 studies in women, 18 reported an inverse relation, ®ve reported on relation and one reported a positive relation. Of 39 studies in men, SES was negatively associated with obesity in 22, no association reported in eight, a positive association in eight and a U-shaped association in one. In the US, of 30 studies on women, 28 reported a negative association and two, no association. In men, of 27 studies, 12 reported a negative association, three, no association, and 12 a positive association. Another US study in men and women 18 ± 30 y showed a negative association of education with obesity among white women, positive among black men, and no association among white men and black women. 26 A single study from Czechoslovakia showed a negative relationship of SES with obesity. 27 Cross sectional data from Russia showed women with HS had a higher BMI than women with more education in birth cohorts ranging from 1909 ± 1958. 28 Our results are consistent with cross-sectional data from Czechoslovakia and Russia and extend those ®ndings to another cohort of Eastern European adults.
Commonly reported predictors of BMI and obesity in cross sectional studies include, in addition to SES, age, smoking (current and ex-smoking), 6, 29, 30 alcohol intake, 10,31 ± 34 and parity in women. 10,35 ± 38 These factors affect energy balance either directly through their possible effects on metabolism as in smoking, 39 and alcohol intake 40 or through behaviors affecting energy intake and expenditure. We hypothesized that these variables would predict weight gain in this Polish cohort.
Smoking is well documented to be associated with leaner body mass. 32, 41, 42 However, number of cigarettes currently smoked was not associated with weight gain in our analysis (data not shown). Relatively few visit 1 smokers stopped smoking by visit 3; however, when smoking behavior was categorized into exsmokers and non-ex smokers, ex-smoking was signi®cantly positively associated with weight gain. Ex-smokers gained 2.5 kg more than others who gained weight in our cohort. Williamson et al 43 reported weight gain attributable to smoking cessation in a national US cohort to be 3 and 4 kg for men and women, respectively. Klesges 30 reported 7 y weight gain attributable to smoking to be 4.2 and 6.6 kg for whites and blacks, respectively.
A review of the literature suggests some attenuation of weight gain among smokers but the effect is Correlates of weight gain BH Dennis et al minimal and may not be evident for many years. 44 In our study, weight gain was not associated with number of cigarettes currently smoked.
The relation of alcohol intake to body mass or obesity in the literature is not consistent across diverse populations. 10,31 ± 34 In our study current reported alcohol intake was not associated with weight gain among those who gained weight.
Possible explanations for the lack of association of current smoking and alcohol with weight gain in women in this study are the low use, especially in rural women. In men, smoking and alcohol intake may be confounded by other high risk behavior that could encourage weight gain, such as physical inactivity and high-fat diets. 42, 45 Parity in women has been reported to be associated with weight gain, 37 but we did not ®nd this association in our study.
Weight gain is a consequence of positive energy balance and, since we did not have a reliable estimate of energy expenditure in these surveys, we cannot assess this side of the equation. Energy intake calculated from 24 h dietary recalls taken in a subset of this cohort (n 529) indicated, however, that reported energy intake declined steadily in urban men and women over the 10 y period. In rural women it declined in the ®rst 5 y period then rose, but not to baseline levels. Rural men showed a slight declined in the ®rst 5 y period then a plateau (data not shown). To the extent that these data re¯ect true energy intake trends in the cohort, one would tend to discount an increase in energy intake for explaining the implied unfavorable energy balance. Other data suggest a decrease in physical activity in leisure time and work; for example the number of passenger cars in Poland increased from 9200 per 100,000 persons in 1984 to 20,700 in 1993. 46 Although national statistics showed a 7% decline in energy consumption (food disappearance) between 1988 and 1990, 14 weight change among those who gained weight in our study did not appear to be related in any systematic way to changes in the economic structure of Poland. If energy intake declined, it was more than offset by decreased energy expenditure.
Our results are consistent with those of studies in other countries in identifying a cohort at high risk for weight gain and overweight characterized by low SES and relative youth. In this study, women with low education appeared most vulnerable. The life experience of this cohort should be considered in drawing conclusions and applying the results to younger cohorts. Most of the cohort experienced the Second World War either as children or adults. Past history of food insecurity may contribute to long-term attitudes and behavior patterns which are not shared by the younger generations. 28 However, the consistency of our results with trends worldwide, notably in the US, whose populations did not suffer major dislocations of the food supply, suggests that results from this study can be applied more broadly in Poland. To that extent, our results indicate a need to target intervention programs at young, low SES adults. The age of the youngest cohort in this study is probably too late to intervene successfully, as indicated by the relatively high prevalence of overweight in rural women, and ®ndings from other studies suggest that the onset of adult overweight occurs in the 20s. 8, 24 Developing effective means of reaching these vulnerable groups is a critical research goal.
